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 Smart TVs are becoming an increasingly important multimedia device for home 
entertainment now. One of the most important interactions between users and a smart TV 
is typing and editing text. However, using current input methods to type and edit text on a 
smart TV is a challenge. This study discussed about current input methods for smart TVs 
and evaluated the effects of using smartphone touch gestures and virtual keyboards on 
typing and editing text for smart TVs.  
 This study presented a method to evaluate the effects of using smartphone touch 
gestures and virtual keyboard on the text entry and editing for smart TVs compared to 
current methods. A functional mobile input method for smart TVs was designed and 
developed for the user testing. User testing was conducted with 20 participants. The 
results clearly indicated that it was more efficient to use smartphone touch gestures and 
virtual keyboards as a text entry and edit method for smart TVs compared to the remote 
control and the touchpad. It also showed that the new method had similar user 
satisfaction as the physical keyboard, and it had much higher satisfaction than the remote 










 Smart TVs are becoming an increasingly important multimedia device for home 
entertainment now[1]. Generally, Smart TV is defined as a medium that provides TV 
broadcasting, Internet, applications, and intelligent services via the mounting of a CPU 
and an operating platform on the set-top box or display[1]. Smart TV has its own 
operating system, so it can provide not only TV channels but also different applications. 
Unlike traditional TVs, smart TV platforms provide more interaction and services, such 
as playing games, browsing websites, social networking, sharing images/videos and 
searching information[2]. One of the most important interaction between users and a 
Smart TV is typing and editing text[3]. This thesis discusses the current input methods 
for smart TVs, evaluates the effects of using smartphone touch gestures and virtual 
keyboard on the text entry and editing for smart TVs.  
Problem Statement 
 The interaction and interface on a smart TV is very different from the traditional 
TV. The most common input device for a traditional TV is a standard remote control. 
With it, users can adjust volume, change channels or input simple numbers. Smart TV 
platforms are different in that text input is required to use many of the features. For 
example a user may need to input online account credentials, input key words to search 
for favorite TV shows, write comments in forums or app stores, or enter text in many 
other scenarios.  Editing and correction of entered text in any of these cases is currently a 
challenge[4]. The experience of text entry and edit can affect users’ experience when they 




Significance of the Problem 
 Currently we are in the midst of content revolution of the smart TV[5], and video 
contents are consumed from many different kinds of sources. When people want to watch 
videos, they might search online, buy a DVD, or watch live TV channels. Smart TV 
provides a universal platform on which people can access to different video contents via 
one smart TV or set-top box, so that people do not have to use different platforms or 
devices to watch the videos they like. People can also install many applications on smart 
TVs which provide new and diverse experiences[5]. However, the interaction between 
users and smart TVs is not satisfactory, especially bad input experiences such as typing, 
searching, and sending commands. This is one of the key reasons that the progress of the 
smart TV revolution has slowed down. [5]. As the core of input experience, text entry and 
editing has a significant effect on users’ experience of using smart TVs, so the 
improvement of text entry and editing experience will speed up the development of the 
smart TV industry[5]. 
Goals of the Study 
 This study discusses the pros and cons of current input methods for smart TVs, 
such as traditional remote controls, touchpads, physical keyboards, and smart device 
virtual keyboards. Research needs to be performed keeping in mind the target users, on 
how different input method will impact the user experience of a smart TV. The purpose 
of this study is to evaluate the effects of using smartphone touch gestures and virtual 
keyboards on the text entry and editing for smart TVs. The critical parameters to be 
evaluated in the proposed research include: text input efficiency; text input satisfaction; 
text edit efficiency; and text edit satisfaction. This research might provide results that 
would provide evidence that using smartphone touch gestures and virtual keyboards can 







 Smart TV refers to a television set or set-top box with integrated Internet that 
provides TV broadcasting, Internet, applications, and intelligent services.  The first smart 
TV patent could be tracked back to 1994, which described an intelligent TV system that 
could be linked to network data[2]. In addition, users could download different software 
onto this television platform based on their own needs. In late 2000s and early 2010s, 
digital TVs started to be accepted by the masses, and people started to have more needs 
on diverse interaction with their TVs and connecting their TVs to many other devices like 
flash drives, video game players, and computers[2].  The success of digital televisions 
improved the development and revolution of smart TVs during that period. In 2014, 
major TV brands had announced the production of smart TVs[2]. In the meantime, the 
interactions between users and TVs are changing continually. Unlike traditional TVs, 
users have more complex interactions with smart TVs. The key of the interaction is how 
users give input to the smart TVs, and the core of the input interaction is the text entry 
and editing[6]. This chapter examines the current state of art related to smart TVs, and 
also discusses current text entry and edit methods for smart TVs. 
State of Art in Smart TV Platforms 
 This section examines the current state of smart TV platforms. The purpose of this 
prior art is to better understand the definition, category, and main features of smart TVs. 
Understanding different smart TV platforms and features is very important for the design 
of text entry and edit methods for smart TVs because different features decide how users 
interact with smart TVs and this interaction decides the design elements of input methods 
for smart TVs.  This review includes commercial products related to smart TVs ranged 
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from early 2000s to present day. Search engines used to discover current smart TV 
products include Google Patent, Google.com, Wikipedia.org and Amazon.com.  
 There are two categories of smart TVs in current market, one is a television set 
with a built-in CPU and has the capability of accessing to internet, and the other one is a 
set-top box for digital television that provides the ability of computing and internet 
access. Both smart TV platforms have their own operating systems, which allows users to 
download and install advanced applications or plugins. Smart TV platforms also provide 
multimedia contents such as TV channels, movies, music, photos, games, and even social 
networking from internet[2]. In addition, users can also get access to some user-generated 
contents through either external hard drives or cloud storage services. Main providers for 
smart TV sets include LG Smart TV, Samsung Smart TV, Sony TV, and Philips Net TV. 
Main smart TV set-top box platforms include Apple TV, Google Nexus Player, Google 
Chromecast, Amazon Fire TV, and Roku. 
 The main feature of all smart TV platforms is to provide online streaming 
contents with traditional television channels. Main streaming contents include Netflix, 
Amazon Instant Video, YouTube, Hulu Plus, HBO Go, WWE Network, PBS, Spotify, 
and Pandora. The streaming contents decide what users might input to smart TVs. The 
most common contents include the name of movies or shows and the name of actors. In 
addition, most online streaming services need users to log in before they can use the 
service. In this context, users need to input account information which contains email 
address and password. Another important feature of smart TVs is to provide different 
applications users can download. For example, LG Smart TV provides users the feature 
of downloading apps from online app stores[7]. These applications include news, 
streaming videos, online movies, stock information and instant weather information. In 
this context of searching app, users need to input the name of the app in the app store. 
There are also some other features on smart TV platforms, which provides new 
experience for users compared to traditional TVs. For example, many current smart TV  
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service providers offer people ways to track or set reminders for shows, sports or 
important events[2]. In this context, users need to input the needed information to set a 
reminder on smart TVs. 
  
 
Figure 1:  LG Smart TV with different apps[8].  
   
 As mentioned above, there are two categories of smart TV platforms, built-in 
smart TVs and smart TV set-top boxes. Main TV manufacturers like Samsung and LG 
prefer to develop and manufacture smart TVs with integrated Internet hardware[9], while 
other middleware providers like Apple, Amazon, Google would prefer to design and 
develop smart TV set-top boxes. There are some differences on the features and services 
provided by different smart TV set-top platforms (Fig. 2). The advantage of the built-in 
smart TV sets is that users do not need to buy extra devices to connect to their TVs and 
they use only one universal remote control to interact with the TV. For smart TV set-top 
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boxes, the advantage is that users can get hardware and software updates without 
changing their current televisions, and all they need is just to buy an up to date smart TV 
box. Some set-top box mainly relies on one multimedia resource, for example the main 
video resource for Apple TV is from iTunes[10]. Some set-top boxes contain many 
online contents or applications developed by third parties, such as Roku[11]. While other 
smart TV boxes have a combination of a video game console and a set-top box, like 
Amazon Fire TV and Google Nexus Player. Some are devices that can connect TVs to 
users’ smart devices, such as Google Chromecast[12]. The development trend is that 
more and more set-top boxes provide more video resources, applications, and interaction 
between users’ different smart devices[2]. With such large amount of contents, text entry 
and editing becomes a very important interaction between users and smart TVs because 






Figure 2:  Comparison of different smart TV set-top boxes[8].  
 
Smart TV User Interface 
 Different smart TV platforms were discussed in the above paragraphs. This 
section examines the current state of smart TV user interfaces on different platforms, and 
discusses the design trends of smart TV user interfaces. This review can be used as a 
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reference for the interface design of text entry and edit methods. User interfaces from 
both built-in smart TVs and smart TV set-top boxes were reviewed. 
 One of the most popular UI design language for smart TVs is the flat design and 
the “Card” UI. One example is the user interface on LG smart TV, which runs the 
WebOS[13]. The system uses a “card” user interface to present users’ applications and 
manage multiple tasks. Users can use right and left flicking gestures to switch between 
different running applications on the UI. To close applications, users simply flick the app 
card up and off the screen[13]. The organization of the application cards can be 
customized by users’ preferences. To find media contents, users need to select the LG 
store icon from the Launcher. The user interface of LG app store is very simple and clear, 
but also provides enough details about the TV shows or movies listed. The latest LG 
smart TV is using the flat UI design language. There is another smart TV platform, 
Samsung Smart TV Tizen platform[14], using the card and flat UI design. There is a row 
of icon cards on the bottom of the screen. By clicking the icon card with a remote control, 
users can launch an application[15]. To go back to the home screen, users can click the 
Smart Hub button on the Samsung remote control. 
 
(a)                                                               (b) 
Figure 3:  (a) LG Smart TV WebOS user interface; (b) Samsung Smart TV Tizen user interface.  
 
 All the smart TV user interfaces mentioned in the above paragraph are from built-
in smart TV sets. However, another approach to learn more about smart TV user 
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interfaces is to investigate the UI provided by smart TV set-top boxes. A good example is 
the user interface of Apple TV. The first and second generation of Apple TV used Front 
Row interface which was similar to the Front Row on the Mac[10]. This kind of UI 
allowed users to view contents by name or date. In 2008, Apple updated the user 
interface of Apple TV and they stopped the use of front row interface. Instead a new 
interface organized in six groups on the home screen was presented. Users can use the 
remote control to select different icons on the screen. The third generation of Apple TV 
used rounded rectangle icons which had the same visual style as iOS 6. The latest UI on 
Apple TV is Apple TV Software 7.2 which has the same design language as iOS 8[10]. 
However, the layout of the new UI on Apple TV is the same as previous one. Another 
representative smart TV user interface is from Roku player. The home screen UI includes 
two parts, the left part is the main menu bar which users can select My Channels, 
Channel Store, Search, Settings from top to bottom, and the right part shows the contents 
in three columns based on the menu users selected. The user interface of Roku uses 
Figure 4:  (a1) Apple TV user interface; (a2) Amazon Fire TV user interface;  
(b1) Roku player user interface; (b2) Google Nexus Player user interface. 
 
 (a1)  
 
 (a2)  
 
 (b1)  
 




skeuomorphic design language instead of flat design. Another smart TV set-top box, 
Amazon Fire TV, also uses the same UI layout as Roku. However, Amazon Fire TV uses 
the flat design language for its user interface. Another example is Google Nexus Player, 
which runs Android operating system. The user interface of Nexus Player contains a 
search bar on the top and several rows of multimedia contents[15]. The user interface of 
Nexus Player follows the design guideline of Google material design language. 
 
Interactive Technologies for Smart TVs 
 In the above paragraph, user interfaces were discussed from both built-in smart 
TV sets and smart TV set-top boxes. This section investigates current interactive 
technologies applied on different smart TV platforms and reviews how these technologies 
effect the interaction between users and different smart TV user interfaces.  
 Based on the review of current smart TV platforms, the most common interaction 
for users is the use of a remote control to send commands to smart TVs. Nearly all the 
smart TV devices come with a remote control. However, the remote control for built-in 
smart TVs is a little different from smart TV set-top boxes. For example, the remote 
control for LG smart TV has a “mouse wheel” on it so that users can scroll it to switch 
between different pages in few steps. In addition, this remote control also supports spatial 
gesture so that users can move the cursor on the screen by moving their hands. Another 
example of the remote control is designed for Samsung Smart TV ES8000 model. The 
most important feature of this remote control is the touchpad area. Users can use touch 
gestures to control the cursor on the screen. With the touch gesture, users can point to the 
icon easily and open an app quickly. As mentioned, remote controls for smart TV set-top 
boxes are different. One example is the remote control for Apple TV. Most of the time, 
users use the arrow (up, down, right, left) buttons to switch between different icons and 
use the center button to open an app. Similar to Apple TV, the remote control for 
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Amazon Fire TV provides the same interaction for users. In addition, there is a voice 
search button on it so that users can give audio input to their smart TVs. This feature 
provides an easy way for users to input text or send command to their TV. Users can 
speak the name of movies or shows to the remote control while they are pressing the 
voice search button, then the system will convert users’ voice into text and appear on the 
screen. Much like the Amazon Fire TV, Google Nexus Player has the same remote 
control which support audio input[16]. Another new interactive technology for smart TVs 
is the connection and interaction between smart TVs and other smart devices such as 
smartphones, computers and tablets. For example, Apple Air play allows users to share 
multimedia contents between iPhone, iPad, Mac and Apple TV. Google Chromecast can 
mirror the video from users’ mobile or web browser to TV. Google Nexus Player 











Figure 5:  (a) LG Smart TV remote control with a “mouse wheel”; (b) Samsung Smart TV remote 
control with a touchpad; (c) Apple TV remote control with arrow (up, down, left, right) buttons; 




 From the discussion in above paragraphs, current main interactive technologies 
for smart TVs include the traditional remote control, spatial gesture, touchpad, speech 
recognition, and smart device control. These technologies decide the development status 
of current text entry and edit methods. 
 
Text Entry and Edit Methods for Smart TVs 
 This section discusses current text entry and edit methods for smart TVs based on 
current smart TV interactive technologies and user interfaces as mentioned above. 
 This review begins with the most common text input method for smart TVs- the 
remote control input method[4]. This method is used on nearly all the smart TV 
platforms[17]. There are two methods using the remote control: one using the SMS style 
keypad and one using on-screen virtual keyboard[18]. The SMS style keypad was more 
used on traditional TV and earlier built-in smart TV sets, but currently most smart TVs, 
including LG smart TV, Apple TV, Amazon Fire TV, Roku Player, and Google Nexus 
Player, are using the on-screen keyboard as their main text entry methods. Users can use 
the arrow buttons on the remote control to select different characters from the on-screen 
virtual keyboard to input text on smart TVs. Another way of text entry and edit method is 
using spatial or touch gestures to select keys on the screen virtual keyboard. For example, 
the LG Smart TV remote control supports spatial gesture, so that users can move the 
screen cursor by moving the remote control to select characters on the screen[7]. 
Samsung Smart TV comes with the touchpad remote control so that users can move their 
fingers on the touchpad to interact with the on-screen keyboard to type and edit text. All 
these text entry and edit methods are designed and developed by the original smart TV 
manufacturers or set-top box providers. However, some third party companies have also 
designed some text entry and edit hardware and software for smart TVs. One example is 
the small version of a computer keyboard designed for smart TVs. Using this input 
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method, users can type text by pressing the physical buttons on the keyboard, and when 
users need to edit text they can move the cursor by using arrow buttons on the physical 
keyboard[19]. 
 Another new input method developed in recent years is using the smart device 
virtual keyboard to input text to smart TVs. Some smart TV set-top box providers 
designed a mobile application on smartphones and tablet platforms, which allows users to 
connect their smart devices to smart TVs and input text to smart TVs by using a virtual 
keyboard on smart devices. One example is the Amazon Fire TV mobile app which 
allows users to use the keyboard on smartphones to input text on TVs. However, this app 
did not provide an efficient way for users to edit text. Users need to delete all the text 
they typed and retype to edit by using this mobile app. As mentioned in previous review 
on smart TV interactive technologies, the speech recognition is new technology applied 
on smart TV platforms such as Amazon Fire TV and Google Nexus Player. Users can use 
the voice search button on the remote control to input text. This is a very efficient and 
intuitive text entry method. However it is very difficult to input long sentences and it is 
impossible to edit the text after inputting the text.  
 
Figure 6: Graphics showing concepts of different text entry and edit methods for smart TVs.  
 (a) Arrow buttons on remote control with an on-screen keyboard; (b) Touchpad on the remote 
control with an on-screen keyboard; (c) Physical keyboard; (d) Smart device virtual keyboard; 




 Based on the review above, current existing smart TV text entry and edit methods 
can be categorized into five basic methods as above Figure 6. Each input method has its 
own pros and cons. In previous research by Iatrino and Modeo [20], when typing text the 
use of physical remote keyboard is better appreciated compared to the use of arrow 
buttons on a remote control with an on-screen virtual keyboard. Traditional remote 
controls are not suitable to edit text on smart TVs. For example, Amazon Fire TV does 
not allow users to move the cursor on the text, and if users want to edit a typo in the 
sentence, they need to delete all the characters they typed up to the word they want to 
edit, and then retype. However, the interaction like touchpad is suitable to edit text, 
because users can move the cursor easily. In the research by Fong-Gong Wu, Yu-Chun 
Huang, and Meng-Long Wu, though the typing context in this research was not for smart 
TVs, however that research showed that current virtual keyboards on the smartphone was 
very flexible for users to switch between different keyboards (number, symbol)[21].  
 






DESIGN AND DEVELOPMENT 
 Based on previous research and examining the background of smart TVs in the 
previous paragraphs, this chapter proposes a new text entry and edit method for smart 
TVs. The design requirement is to design and develop a new input method for smart TVs 
which will be more efficient in text entry, editing capabilities and provides a better user 
experience. The main features and functions of this new method were discussed in this 
chapter. A functional prototype was developed for later evaluation and user testing.  
 
Concept 
 In the research by Diogo Pedrosa and Erick L. Melo[17], a method using a smart 
device virtual keyboard to input text onto smart TVs was proposed. As mentioned in 
above chapter, some smart TV set-top box providers designed some mobile application 
on smartphones which allowed users to connect their smart devices to smart TVs and 
input text to smart TVs by using the virtual keyboard on smart devices. The advantage of 
using a virtual keyboard on a smartphone is that users are familiar with using a 
smartphone keyboard and the keyboard is very flexible for users to switch between 
different keyboards (number, symbol). However, the biggest problem of the method of 
using virtual keyboards is that they do not provide an efficient interaction for users to edit 
text. This disadvantage would slow down users’ typing and editing speed. Previous 
research also showed that the advantage of touchpad was that it performed well when 
editing text because users could easily move the cursor with their fingers. The concept of 
the new method this study proposed combined the typing advantage of the virtual 
keyboard and the editing advantage of the touchpad. The new method was a mobile app 
which had the functions of a touchpad and a smartphone virtual keyboard. 
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Features and Functions 
 The form of the new input method is a mobile app which allows users’ 
smartphones to connect to smart TV set-top boxes via WiFi network. This feature 
supports the exchange of data between smartphones and smart TV set-top boxes. The UI 
style of the mobile app follows the smart TV design language as mention on Chapter 1. 
The core function of this app includes both text entry and editing on smart TVs. The user 
interface of the core functions is composed of two parts (Fig. 8(c)). One part is a virtual 
keyboard interface on the bottom of the screen which allows users to type on smart TVs. 
The other part is a blank touchpad area on the top.  This part allows users to move the 
cursor in text field on smart TVs so that users can edit the text at any point in the text 
field. The rounded button in the touchpad area can be pressed to quickly move the cursor 
to the end of the sentence.  
 
Figure 8: Mobile app user interface proposed for text entry and edit on smart TVs. (a) Home 
screen, showing all features of this app; (b) Remote control function which includes keyboards 
(keyboard buttons) and traditional controls; (c) The core function for text entry and editing which 
combines touch gestures (top blank area) and the smartphone virtual keyboard (bottom area).  
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 In addition to the text entry and edit functions, this mobile app also provides some 
other functions related to smart TVs. In this app, there is an interface with arrow buttons 
which allows users to use this app as a traditional remote control (Fig. 8(b)). Using this 
app, users can browse and search movies or shows on the phone and play them by 
selecting them on the phone (Fig. 8(a)). This feature reduces the time it takes users to 
type on a smart TV because users can search information directly on a smartphone 
instead of on the smart TV. 
 
 
Figure 9: Functional prototype for user testing. (a) Home screen, showing all features of this app; 
(b) Remote control function which includes keyboards and traditional controls; (c) The keyboard 
function which combines touch gestures (top blank area) and a smartphone virtual keyboard 






 A functional prototype (Fig. 9) was developed for further user testing in this 
study. At beginning the first prototype developed was based on mobile Android system 
and Amazon Fire TV platform. However, the data from the app could not be fully 
supported by Amazon set-top box platform. The second round prototyping was based on 
Android system and Windows system. The mobile app was developed on the Android 
system. Technically, the data for typing and editing text was gathered from the mobile 
app on an Android smartphone and sent to a Windows system laptop via WiFi network. 
The laptop sent data to a digital TV through HDMI cable. The mobile app was developed 
under the Android 5.0 system using Android Studio and Eclipse. The earlier prototype 
was tested on Eclipse. The final prototype was installed and tested on a Google Nexus 5 
smartphone. 
 The next step following this chapter was to come up with ways to evaluate the 
















 This research compares current text entry and edit methods with the new method 
as mentioned last chapter which combines smartphone touch gestures and a virtual 
keyboard to find out which one is the most efficient method and which one has the 
maximum user satisfaction. If the new method of text entry and editing takes less time 
than current methods, it can be concluded that it is more efficient to use smartphone 
touch gestures and virtual keyboards as a text entry and edit method for smart TVs. If the 
user satisfaction from the new method is higher than current methods, then the new 
method may offer better user experience than current methods. 
 To test the hypothesis, this study asked users to test the new design proposed and 
compare it to current input methods. To provide a convincing result, the study included 
both self-report data from subjects and objective measure of time from the tester. The 
independent variables of the test were different text input methods, and the dependent 
variables were efficiency (time) and user satisfaction. Both qualitative data and 
quantitative data was collected. The quantitative data was the time subjects spent on 
using different input methods. This study compared and analyzed the time required for 
different input methods and determined whether the new design the new design was more 
effective for typing or editing text on smart TVs. The qualitative data was taken from the 
questionnaires completed by subjects. By analyzing the rate or score subjects gave to 
different input methods, the study compared which input method got the highest score to 





Materials for Usability Testing 
 The main facility was a 50 inch LG digital television which supported smart TV 
boxes, like Amazon Fire TV, Google Chromecast. The text entry and edit methods that 
were tested include three current methods and the new method that has been proposed 
within this study. These three current methods were: a traditional TV remote control with 
an on-screen virtual keyboard; a touchpad with an on-screen virtual keyboard; a physical 
wireless keyboard. The remote control was selected because nearly all smart TV 
platforms used it as the main input method. The touchpad method was a general 
representative method for the smart TVs which were using touch gesture as main 
interactive way between users and TV. The physical keyboard was selected because it 
could represent general QWERTY inputting device for smart TVs. Therefore, these three 
selected methods were generally representative of the current smart TV text entry and 
edit methods.  
 Method 1(Current Design): Traditional TV remote control, subjects can use the 
up, down, left, right and OK button to select the keys of the virtual keyboard on TV to 
input/edit text. An Amazon Fire TV set-top box was chose as a representative of this 
method, because the main text entry and edit method for Amazon Fire TV is to use the 
arrow buttons on the remote control to interact with the on-screen keyboard.  











Figure 11: Amazon Fire TV on-screen keyboard user interface. 
 Method 2(Current Design): Touchpad, subjects can move their finger on the 
touchpad to select the letters of the virtual keyboard on TV to input/edit text. A mobile 
app was developed which provided such touch gesture interaction. An on-screen 
keyboard software was chosen which had the traditional keyboard interface. Subjects can 
hold the smartphone as a touchpad to input or edit text on TV. When subjects are moving 
their fingers on the touchpad, the phone will send users’ touching data to a laptop, and 
then the laptop will send data to the TV. Users can see a mouse pointer on the TV screen, 
so that they can select keys from the on-screen keyboard. 
Figure 12: The mobile app that simulates Touchpad interaction, users can touch the center (blank) 






Figure 13: The virtual keyboard which can interact with Touchpad. 
 
 Method 3(Current Design): Physical TV keyboard, subjects can type/edit text on 
TV by pressing the letter buttons on the physical keyboard. Rii Mini Wireless Keyboard 
was chosen as the representative product for this input methods. The keyboard is small 
and can be held in the user’s hands. 
 
 






 Method 4(The New Design): The mobile app prototype proposed within this 
study allows users to connect to and control their smart TV's with their smartphones. 
Subjects can use the virtual keyboards on the smartphone to type in text on smart TVs. 
Subjects can use touch gestures on the phone screen to control the movement of the 
cursor on smart TVs so they can edit the text no matter where the text is, and they can 
also use touch gestures to select, copy and paste text on smart TVs. In the app, subjects 
can switch between different keyboards by using slide gesture on the phone screen. 
 
Pilot Study 
 A pilot study is a small scale preliminary study conducted in order to evaluate 
feasibility, time, cost, adverse events, and effect size (statistical variability) in an attempt 
to predict an appropriate sample size and improve upon the study design prior to 
performance of a full-scale research project[22]. Before conducting the formal user 
testing in this study, a pilot study was carried out to compare the same methods as 
mentioned above. Five users were recruited to do the pilot test, and each user was given a 
task to type a sentence onto smart TVs by using four input methods. The content of the 
sentence was “Game of Thrones is an American series created for HBO by David”. This 
sentence was chosen because it contained a TV show’s name and a person’s name, which 
were the most frequent typing contents on smart TV platforms. The time users spent 
typing in each method was measured. The input methods were also evaluated by using a 
System Usability Scale Form filled by users after using each method. After the task, 
subjects were asked to fill out an open questionnaire asking about their feedback on the 






Figure 15: Pilot testing: a user was using Amazon Fire TV remote control to input the sentence 
provided by the tester. 
 
 After the pilot test, some changes were made based on the feedback. One of the 
biggest change was the length and content of the sentence inputted by users. The result 
showed that the time using physical keyboard and mobile app to input the original 
sentence was nearly the same, but when the sentence was made longer, the time of these 
two methods started to be different. Next, the original sentence was lengthened. During 
the testing, users did not input any numbers and symbols which may cause one-sided 
result for the overall evaluation on different methods. Therefore some symbols and 
numbers were added into the sentence. The final content of the sentence for user testing 
was “Game of Thrones is an American series created for HBO by David. Contact: 
David083@gmail.com; #394-209-9275”. 
 Three users mentioned that the font sizes of the sentence showing on the screen 
were too small which might slow down their typing speed. Thus the font size displayed 




 The study was conducted at College of Architecture on Georgia Institute of 
Technology campus with a sample of 20 currently enrolled college students. All subjects 
were aged 18 or over. All participants had at least one year of experience using 
smartphones. Similarly each participant had at least a year's experience watching TV. 
Each user did the test individually. 
 Before the test began, each subject was asked to read and sign a consent form 
approved by Georgia Tech IRB. 
 Each subject was given a $10 Walmart gift card as compensation for participating 
in this study. 
 20 subjects were chosen for this research since when collecting usability metrics, 
testing 20 users typically offers a reasonably tight confidence interval. With 20 users, 
there would probably be one outlier (since 6% of users are outliers), so the result would 
include data from 19 users in average. This made the confidence interval go from 243 to 
357 seconds, since the margin of error was +/- 19% for testing 19 users. In practice, a 




 The experiment was organized in 2 sessions per participant. There were four tasks 
for each session. In session 1, each participant was asked to do four tasks related to text 
entry on the smart TV. In session 2, each participant was asked to do four tasks related to 
text editing on the smart TV.  
 Session 1-Task 1: The participant was asked to get familiar with Amazon Fire TV 
remote control and learn how to type a character, number and symbol, and how to switch 
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between lower and upper case. Then the participant was asked to type a sentence showed 
on a piece of paper onto the smart TV. 
 Session 1-Task 2: The participant was asked to learn how to use the Touchpad 
input method and try to type a character, number and symbol, switch between lower and 
upper case. Then the participant was asked to type the same sentence onto the smart TV. 
 Session 1-Task 3: The participant was given a Rii Wireless Keyboard and asked 
to get familiar with it and learn how to type a character, number and symbol, and how to 
switch between lower and upper case. Then the participant was asked to type the same 
sentence onto the smart TV by using this method. 
 Session 1-Task 4: The participant was asked to get familiar with the mobile app 
this study proposed and try to type a character, number and symbol, and how to switch 
between lower and upper case by using this app. Then the participant was asked to type 
the same sentence onto the smart TV. 
 Session 2-Task 1: The participant was asked to try to use Amazon Fire TV remote 
control to edit text on the smart TV. Once the participant got familiar with this method, 
the participant was asked to edit a sentence on the smart TV following instructions 
printed on a piece of paper. 
 Session 2-Task 2: The participant was asked to learn how to use the Touchpad to 
edit text on the smart TV. Then the participant was asked to edit the same sentence on the 
smart TV following the same instructions as previous task. 
 Session 2-Task 3: The participant was given a Rii Wireless Keyboard and asked 
to try to use it to edit text on the smart TV. Then the participant was asked to edit the 
same sentence on the smart TV following the same instructions as previous task. 
 Session 2-Task 4: The participant was asked to get familiar with the mobile app 
this study proposed and try to edit text on the smart TV by using this method. Then the 
participant was asked to edit the same sentence on the smart TV following the same 
instructions as previous task. 
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 As mentioned above, a training task was performed before each main task. For 
session 1, the training task was to type a short sentence- “Game of Thrones @ 5-2 
channel”. For session 2, the training task was to edit the sentence- “Game of Thrones @ 
5-2 channel” and change it to sentence- “Game of Thrones @ 7-2 HBO”. The purpose of 
this training task was to let participants get familiar with each text entry and edit method. 
 For session 1, the sentence participants were asked to input in the main task was 
“Game of Thrones is an American series created for HBO by David. Contact: 
David083@gmail.com; #394-209-9275”. For session 2, participants were asked to edit 
sentence “Game of Thrones is an American series created for HBO by David. Contact: 
David083@gmail.com; #394-209-9275” and change it to “Game of Thrones is a fantasy 
drama created for HBO by Dave. Contact:Dave083@gmail.com;   #394-259-9275” in the 
main task.  
 
Setup for Users Testing 
 The user testing was conducted at a graduate studio in the College of Architecture 
building on Georgia Institute of Technology campus. All the test facilities were put in an 
empty space. A LG 50 inch digital television which supported smart TV boxes was put in 
this space. Devices for text entry and edit methods included: (1) Lenovo Y510P laptop 
for exchanging data between TV and smartphone app; (2) iPad for timing; (3) Google 























Figure 16: The empty space with a LG 50 inch digital TV for user testing. 
 
User Testing Procedures 
 In this user testing, 20 participants were tested individually. Prior to testing, the 
participants were asked to fill a pre-test questionnaire (Appendix A) about their basic 
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information—including experience of using smart TVs and smartphones. Then 
participants were oriented to the experimental procedures. 
 The experiment was organized in 2 sessions per participant. The procedures took 
approximately 40 minutes to 60 minutes. The order in which tasks were tested in each 
session was randomly selected for each participant (Appendix B), and the purpose was to 
counterbalance the effects of learning. The participants were asked to sit on a chair about 
7 feet in front of the TV. 
 Session 1: The subject was given a sentence which included letters, numbers and 
symbols. The sentence was printed on a piece of paper on the desk in front of subject’s 
seat. The subject was asked to use an Amazon Fire TV remote control, a Touchpad and a 
Rii mini wireless keyboard and the mobile app this study proposed to type the given 
sentence onto the TV screen (four tasks as we mentioned). The subject was told to finish 
each task as fast and correctly as possible. The time the subject spent on each task was 
measured. After each task, the subject was asked to fill a RAW TLX Form and a System 







































































 Session 2: A sentence which included letters, numbers and symbols was shown on 
TV, but there were several typing errors in the sentence. The correct sentence was printed 
on a piece of paper on the desk in front of subject’s seat. The subject was asked to use an 
Amazon Fire TV remote control, a Touchpad and a Rii mini wireless keyboard and the 
mobile app we designed to correct the sentence on TV screen. The subject was not 
allowed to clear the whole sentence but had to correct certain letters/numbers/symbols in 
the sentence. The time the subject spent on each task was measured. After using each 
method, the subject was asked to fill a RAW TLX Form and a System Usability Scale 
Form. 
 After the participants finished each session, they were asked to complete a 




















DATA ANALYSIS AND RESULTS 
 As mentioned in the previous chapter, a user evaluation test was conducted. Both 
subjective and objective data was gathered from 20 subjects, and all the data was used in 
the analysis.  
 
Pre-test Questionnaire Data 
 Based on the data gathered from pre-test questionnaire, the results show that the 
subjects had an average 5.6 years of using smartphone, and 50% of them had ever used 
smart TVs, but only 35% of them had ever used any input device to type text onto TV. 
 
Error Rates 
 During the user testing, all 20 subjects completed all tasks. Only 5 participants 
produced an error in one of the tasks. Most of the errors were made in session one. Errors 
were made with each of the input methods. The error rate of each input method was 
0.0023 on average. Since the error rate was very low, the data of error was not discussed 
in this study.  
 
Tasks Data from Session 1 
 The data from Session 1 included both objective data measured by the tester and 
subjective data taken from subjects. The objective data was the time each subject spent 
on completing a task and it reflected the text entry efficiency of each input method.  The 
subjective data was from post-test questionnaires, RAW TLX Form, System Usability 




Completion Time Result 
 Table 1 summarized the result of the completion time of each task by each 
participant. A one way ANOVA (Completion Time* Task) was applied to the data 
(Appendix H). There were statistically significant differences between group means as 
determined by the one-way ANOVA (F = 157.446, p = 0.000). Next, Post Hoc Tests 
were run to confirm where the differences occurred between groups (Appendix H). The 
results show: there were significant differences between the new design (Task 4) and the 
traditional remote control (Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.000). 
There was no significant difference between the new design and the physical keyboard 
(Task 3) (p= 0.572), or between the traditional remote control and the touchpad (p= 
0.094). 
 






























Figure 21: Completion time (seconds) of each task in Session 1. 
 
 
RAW-TLX Scores Result 
 Table 2 summarized the results of the RAW-TLX Score data in Session 1. Raw 
TLX is recommended as a simple alternative to the traditional NASA TLX. The Raw 
TLX does not require task paired comparison weights as it is based upon a simple sum of 
scales. The lowest rating reflected the best user satisfaction. The Figure 22 showed that 
Task 4 in Session 1 had the lowest rating score. The results from the one-way ANOVA 
(RAW-TLX score* Task) and Post Hoc Tests (Appendix I) show that there were 
significant differences between the new design (Task 4) and the traditional remote control 
(Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.000). There was no significant 


















Figure 22: RAW-TLX score of each task in Session 1. 
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System Usability Scale Result 
 Table 3 summarized the result of the System Usability Scale (SUS) form score in 
Session 1. For odd items on the SUS form: score was same as the user response. For 
even-numbered items: subtracted the user responses from 6 to get the score. This scaled 
all values from 1 to 5 (with 5 being the most positive response). Next was to add up the 
converted responses for each user. The purpose of this study is to compare the difference 
between four methods, so the SUS score was not converted to 100 and all comparison 
was based on the original 0-50 scale. The highest score reflected the best user 
satisfaction. The results from the one-way ANOVA (SUS score* Task) and Post Hoc 
Tests (Appendix J) show that there were significant differences between the new design 
(Task 4) and the traditional remote control (Task 1) (p= 0.002) and the touchpad (Task 2) 
(p= 0.000). There was no significant difference between the new design and the physical 













Figure 23: SUS form score of each task in Session 1. 
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Overall Self-reported Form Result 
 Table 4 summarized the result of the Overall Self-reported score for each task by 
each subject in Session 1. The highest score reflected the best user satisfaction. The 
results from the one-way ANOVA (Overall score* Task)  and Post Hoc Tests (Appendix 
K) show that there were significant differences between the new design (Task 4) and the 
traditional remote control (Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.000). 
There was no significant difference between the new design and the physical keyboard 
(Task 3) (p= 0.984). 
 




















Figure 24: Overall Self-reported score of each task in Session 1. 
  
Tasks Data from Session 2 
 As in Session 1, the data from Session 2 included both objective data measured by 
the tester and subjective data was taken from subjects. The objective data was the time 
each subject spent on completing a task and it reflected the text editing efficiency of each 
input method.  The subjective data was from post-test questionnaires, RAW TLX Form, 
System Usability Scale Form, and Overall Self-reported Form. 
 
Completion Time Result 
 Table 5 summarized the result of the completion time of each task. The results 
from the one-way ANOVA (Completion time* Task)  and Post Hoc Tests (Appendix L) 
show that there were significant differences between the new design (Task 4) and the 
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traditional remote control (Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.000). 
There were also significant differences between the traditional remote control and the 
touchpad (p= 0.000). However, there was no significant difference between the new 
design and the physical keyboard (Task 3) (p= 0.986). 
 
























Figure 25: Completion time (seconds) of each task in Session 2. 
 
RAW-TLX Scores Result 
 Table 6 summarized the result of the RAW-TLX Score data in Session 2. The 
lowest rating reflected the best user satisfaction. The results from the one-way ANOVA 
(RAW-TLX score* Task) and Post Hoc Tests (Appendix M) show that there were 
significant differences between the new design (Task 4) and the traditional remote control 
(Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.002). There were also significant 
differences between the traditional remote control and the touchpad (p= 0.001). However, 
there was no significant difference between the new design and the physical keyboard 























System Usability Scale Result 
 Table 7 summarized the result of the System Usability Scale (SUS) form score in 
Session 2. The highest score reflected the best user satisfaction. The results from the one-
way ANOVA (SUS score* Task) and Post Hoc Tests (Appendix N) show that there were 
significant differences between the new design (Task 4) and the traditional remote control 
(Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.000). However, there was no 
significant difference between the new design and the physical keyboard (Task 3) (p= 
0.999). 
 

































Overall Self-reported Form Result 
 Table 8 summarized the result of the Overall Self-reported score for each task by 
each subject in Session 2. The highest score reflected the best user satisfaction. The 
results from the one-way ANOVA (Overall score* Task)  and Post Hoc Tests (Appendix 
O) show that there were significant differences between the new design (Task 4) and the 
traditional remote control (Task 1) (p= 0.000) and the touchpad (Task 2) (p= 0.000). 
There were also significant differences between the traditional remote control and the 
touchpad (p= 0.001). However, there was no significant difference between the new 
design and the physical keyboard (Task 3) (p= 0.956). 
 
 




































 The hypothesis of this study is that the new design might be more efficient and 
have higher user satisfaction than the three current methods (the remote control, the 
touchpad and the physical keyboard) when typing and editing text on the smart TV. The 
hypothesis was tested by the user testing mentioned in Chapter 4. The results in the 
Chapter 5 show that the new design was significantly more efficient and had higher 
satisfaction than the remote control and the touchpad. However, there was no significant 
difference between the new design and the physical keyboard. 
 
Findings 
Finding 1: The new design and the physical keyboard were more efficient as text 
entry methods for smart TVs than the remote control and the touchpad.  
 As the results show in Chapter 5, the completion time required to type the 
sentence using the new design was the lowest value and it was significant different from 
the remote control and the touchpad. However there was no significant difference 
between the new design and the physical keyboard. This probably meant that the new 
design and the physical keyboard were more efficient as text entry methods for smart 
TVs compared to the remote control and the touchpad. 
 The data showed that the standard deviation of the completion time using the new 
design was the lowest which might mean that the new design was more stable and 
suitable for most users to type text on smart TVs compared to the other three methods. 
 The result showed that using the remote control and the touchpad to type text on 
smart TVs was very time consuming compared to the physical keyboard and the new 
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design. This result might be caused by the different typing interactions of the four 
methods. In the user testing, when using the remote control and the touchpad, most users 
used one hand to hold the devices and used one finger (thumb) to press the buttons on the 
remote control or touch the touchpad. While using the physical keyboard and the new 
method, most users used two hands to hold the devices and used multiple fingers to press 
buttons on the physical keyboard or on the virtual keyboard of the new app. This might 
mean multi-finger typing interaction was more efficient than single-finger typing 
interaction. 
Finding 2: The physical keyboard and the new design had higher user satisfaction as 
text entry methods for smart TVs than the remote control and the touchpad. 
 The results from RAW-TLX, SUS form and the Overall Self-reported form show 
that the new method and the physical keyboard had significant higher user satisfaction for 
typing text on smart TVs than the remote control and the touchpad. However, the results 
from the Post Hoc Tests show that there was no significant difference between the new 
design and the physical keyboard on user satisfaction when typing text for smart TVs. 
 The data showed that the touchpad had lower satisfaction for the typing 
experience than the remote control even though the touchpad was more efficient for 
typing text than the remote control. This might mean users preferred to use physical 
interfaces (physical buttons) to type text on smart TVs compared to virtual interfaces 
(virtual buttons).  
 
Finding 3: The new design and the physical keyboard were more efficient as text 
editing methods for smart TVs than the remote control and the touchpad. 
 Based on the results showed in Chapter 5, the new design took the least time to 
edit text on smart TVs and it was significant different from the remote control and the 
touchpad. However there was no significant difference between the new design and the 
physical keyboard based on the Post Hoc Tests. This probably meant that the new design 
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and the physical keyboard were more efficient as text editing methods for smart TVs than 
the remote control and the touchpad. The remote control might be less efficient as a text 
editing method for smart TVs because users spent more time by using the remote control 
compared to the other methods as the results show in previous chapter. 
 During the user testing, when users used the remote control to edit text, the 
biggest challenge for them was that they could not move the cursor in the sentence. Users 
needed to delete most text when editing the sentence. This might be the main reason that 
users spent a lot of time on editing using the remote control. The data also showed that 
the touchpad performed well when editing text. The reason might be that users could 
easily move the cursor on the screen by using touch gestures. The physical keyboard was 
also efficient for editing text. In the user testing, when users used the physical keyboard 
to edit text, they could press and hold the arrow buttons on the keyboard to move the 
cursor quickly. That might be the main reason that the physical keyboard performed well 
when editing text.  
 
Finding 4: The new design and the physical keyboard had highest user satisfaction 
as text editing methods for smart TVs than the remote control and the touchpad.  
 The results from RAW-TLX, SUS form and Overall Self-reported form show that 
the new method and the physical keyboard had no significant difference on the user 
satisfaction for text editing, but these two methods had a significant higher satisfaction 
than the remote control and the touchpad. The results from Post Hoc Tests also show that 
the touchpad had significant higher user satisfaction than the remote control, but lower 






Significance of the Study 
 Currently we are in the midst of content revolution of the smart TV[5]. Smart TV 
provides a universal platform on which people can access to different video contents via 
one smart TV or set-top box, so that people do not have to use different platforms or 
devices to watch the videos they like. People can also install many applications on smart 
TVs which provide new and diverse experiences[5]. However, the interaction between 
users and smart TVs is not satisfactory, especially bad input experiences such as typing, 
searching, sending commands. This is one of the key reasons that the progress of the 
smart TV revolution has slowed down. [5]. As the core of input experience, typing and 
editing text has a significant effect on user’s experience of using smart TVs, so the 
improvement of text entry and editing experience will speed up the development of the 
smart TV industry[5]. 
 This study proposed a new input method for smart TVs and provided a method to 
evaluate the new design compared to three current methods (a remote control, a 
touchpad, a physical keyboard). All the hypotheses were tested. The new design this 
study proposed could improve both the efficiency and user satisfaction in typing and 
editing text on smart TVs. The results of this study can help smart TV companies to 
improve the user experience of their current smart TV products. In addition, the findings 
from the user testing can also help companies to improve current input methods and 
develop new input methods for smart TVs. 
 
Limitations of the Study 
 While this study produced successful results, it had some limitations. The 
prototype was developed and tested only on the Android system. However, some subjects 
said they were not familiar with using Android phones, which might affect their 
performance on using the new design. In the user testing, a training task was provided to 
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minimize this limitation. However, future study would be necessary to test a prototype 
developed on the iOS system.  
 The remote control method used the Amazon Fire TV on-screen keyboard 
interface which was in alphabetical order. Ideally for consistency of interface, a 
QWERTY virtual keyboard interface for this method would be better. However, it was 
very difficult and time consuming to change the keyboard interface on Amazon Fire TV. 
The original interface was stable and reliable. The training task as mentioned above could 
minimize this limitation. The Amazon Fire TV keyboard interface had some quick input 
buttons like “.com”. To get more accurate and objective data from remote control 
methods, subjects were not allowed to use these buttons while they were typing text on 
the smart TVs. However since these buttons show on the screen, it might be a distraction 
for users while they were typing. This limitation might have a little effect on subjects’ 
typing time using the remote control.  
 
Suggestions for Current Methods 
 Based on the results of the user testing and feedback from subjects, this study 
offered some suggestions for the current methods (the remote control, the touchpad, and 
the physical keyboard).  
 The results show that the new design performed better than the remote control and 
the touchpad. In this study, the new design combined both smartphone touch gestures and 
virtual keyboards. The touch gestures could help users easily move the cursor in the text 
field so that users could edit text more effectively. The virtual keyboards on the 
smartphone allowed users to switch between different keyboards (number, symbol) so 
that users could type text more effectively. In addition, the interface layout of the new 
method was easy for users to switch between typing and editing text. The new method 
also allowed users to type using two hands, which might improve users’ typing speed. 
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 The interaction of the remote control was simple and easy to learn. However, it 
did not provide an efficient way for users to edit text. If this method allowed users to 
move the cursor in the text filed by using the arrow buttons, it would improve users’ 
editing experience. The interaction of touch gestures could also be incorporated in the 
remote control method to help improve the editing experience. With this incorporation, 
users can use touch gestures to move the cursor to edit text and use arrow buttons to type 
text. 
 The touchpad was suitable for editing text. However, its typing experience was 
not satisfactory. If the touchpad function could be combined with other physical buttons 
or virtual keyboards, it would provide a better experience for text entry on smart TVs. 
 The physical keyboard performed well when typing and editing text. The only 
suggestion from users was that the size of the physical keyboard was a little too big to 
hold in hands. If the physical keyboard could be made smaller, it would provide better 
experience for smart TV users. To provide a better experience, the physical keyboard can 
use the layout as the new method, which had a touchpad area on the top and a keyboard 
on the bottom. With this layout, users can easily hold the device and switch between 









 This study presented a method to evaluate the effects of using smartphone touch 
gestures and virtual keyboards on the text entry and editing for smart TVs compared to 
current methods (a remote control, a touchpad, and a physical keyboard). A functional 
mobile input method for smart TVs was designed and developed for user testing. The 
critical parameters that were evaluated in the research included: text input efficiency; text 
input satisfaction; text editing efficiency; text editing satisfaction. 
 User testing was conducted with 20 participants. The results clearly indicated that 
it was more efficient to use smartphone touch gestures and virtual keyboards as a text 
entry and edit method for smart TVs compared to the remote control and the touchpad. It 
also showed that the new method had similar user satisfaction as the physical keyboard, 
but it had much higher satisfaction than the remote control and the touchpad. Based on 
the results of the user testing and feedback from users, the study also offered some 
suggestions for current input methods to improve their user experience of interacting with 
smart TVs. 
 As the core of input experience, typing and editing text has a significant effect on 
user’s experience of using smart TVs, so the improvement of text entry and editing 
experience will speed up the development of smart TV industry. With the results of this 
study, it was concluded that the described method of using smartphone touch gestures 
and virtual keyboards could improve the efficiency of text entry and editing and provide a 
better user experience than current input methods. The results of this study can also help 
smart TV companies to improve the user experience of their current smart TV products. 
In addition, the findings from the user testing can also help companies to improve current 




 The next step of this study would involve eliminating one of the main limitations 
of the study and testing the other functions and features of the new design. Currently, the 
remote control method tested used the Amazon Fire TV on-screen keyboard interface 
which was in alphabetical order. It would be better if the interface would be redesigned to 
a QWERTY virtual keyboard interface for use in the future testing. The core function of 
the new design, typing and editing text, was tested and evaluated in this study. However, 
the new design also provides some other important functions. For example, some features 
allow users to browse and search movies or shows on the phone and play them by 
selecting them on the phone. It would be better if these other features could be tested and 










The purpose of this questionnaire is to gather subjects’ experience of using smart TVs 
and smartphones. 





1. How many years have you been using a smartphone or smartphones (like iPhone 






2. Have you ever used any of the following smart TV system? Place a check next to 
all that you have personally used before: 
□ Amazon Fire TV 
□ Apple TV 
□ Google Chromecast 





















Session 1 Session 2 
Task 1 Task 2 Task 3 Task 4 Task 1 Task 2 Task 3 Task 4 
User 1 1 2 3 4 1 2 3 4 
User 2 1 3 4 2 1 3 4 2 
User 3 2 1 3 4 2 1 3 4 
User 4 3 1 2 4 3 1 2 4 
User 5 4 1 2 3 4 1 2 3 
User 6 1 2 4 3 1 2 4 3 
User 7 2 1 4 3 2 1 4 3 
User 8 3 1 4 2 3 1 4 2 
User 9 4 1 3 2 4 1 3 2 
User 10 1 3 2 4 1 3 2 4 
User 11 2 3 1 4 2 3 1 4 
User 12 3 2 4 1 3 2 4 1 
User 13 4 2 1 3 4 2 1 3 
User 14 2 3 4 1 2 3 4 1 
User 15 3 2 1 4 3 2 1 4 
User 16 4 2 3 1 4 2 3 1 
User 17 1 4 2 3 1 4 2 3 
User 18 2 4 1 3 2 4 1 3 
User 19 3 4 1 2 3 4 1 2 







RAW-TLX Mental Workload Rating Scale Form 
Please place an “X” along each scale at the point that best indicates your experience with 
the input method.   
 
Low High
Mental Demand: How much mental and perceptual activity was required (e.g., thinking, deciding, 
calculating, remembering, looking, searching, etc)? Was the mission easy or demanding, simple or 
complex, exacting or forgiving?
Low High
Physical Demand: How much physical activity was required (e.g., pushing, pulling, turning, 
controlling, activating, etc.)? Was the mission easy or demanding, slow or brisk, slack or strenuous, 
restful or laborious?
Low High
Temporal Demand: How much time pressure did you feel due to the rate or pace at which the 
mission occurred? Was the pace slow and leisurely or rapid and frantic?
HighLow
Performance: How successful do you think you were in accomplishing the goals of the mission? How 
satisfied were you with your performance in accomplishing these goals?
Low High
Effort: How hard did you have to work (mentally and physically) to accomplish your level of 
performance?
Low High
Frustration: How discouraged, stressed, irritated, and annoyed versus gratified, relaxed, content, 








              Strongly          Strongly 
              disagree            agree 
 
1. I think that I would like to  
   use this system frequently  
     
2. I found the system unnecessarily 
   complex 
     
 
3. I thought the system was easy 
   to use                        
 
 
4. I think that I would need the 
   support of a technical person to 
   be able to use this system  
 
 
5. I found the various functions in 
   this system were well integrated 
     
 
6. I thought there was too much 
   inconsistency in this system 
     
 
7. I would imagine that most people 
   would learn to use this system 
   very quickly    
 
8. I found the system very 
   cumbersome to use 
    
 
9. I felt very confident using the 
   system 
  
 
10. I needed to learn a lot of 
   things before I could get going 
   with this system    
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Session 1 Overall Review Form 
Based on text typing experience, please give scores to the 4 input methods. (1 means 
worst, 10 means best) 
 
Traditional remote controller 
1 2 3 4 5 6 7 8 9 10 
 
Touchpad 
1 2 3 4 5 6 7 8 9 10 
 
Physical keyboard 
1 2 3 4 5 6 7 8 9 10 
 
The mobile app keyboard 
1 2 3 4 5 6 7 8 9 10 
 




Session 2 Overall Review Form 
Based on text editing experience, please give scores to the 4 input methods. (1 means 
worst, 10 means best) 
 
Traditional remote controller 
1 2 3 4 5 6 7 8 9 10 
 
Touchpad 
1 2 3 4 5 6 7 8 9 10 
 
Physical keyboard 
1 2 3 4 5 6 7 8 9 10 
 
The mobile app keyboard 
1 2 3 4 5 6 7 8 9 10 
 













CONSENT DOCUMENT  
 
Project Title: Comparing and Exploring New Text Entry and Edit Methods for Smart 
TV 
Principal Investigator: Dr. Young Mi Choi 
Co-Investigator: Jingtian Li 
 
You are being asked to participate in a research study.  
Purpose 
The purpose of this research is to evaluate the effects of using smart phone touch gestures 
and virtual keyboard on the text entry and editing for smart TV. 
Exclusion/Inclusion Criteria 
A total of 20 people are expected to participate in this study. 
Participants in this study must: 
 Be aged 18 or over. 
 Have a minimum of 1 year of using smart phone experience. 
 Have a minimum of 1 year of watching TV experience. 
Procedures 
If you decide to take part in this study and sign this consent form, you will be asked to 
take a pre-test survey, participate in an experiment study, and fill a post-test 
questionnaire. 
The experiment will be organized in 2 sessions. The procedures are expected to take 
approximately 50 minutes but will last no longer than 90 minutes.  
Session 1: You will be given a sentence which includes letters, numbers and symbols. 
The sentence will be shown on a small screen on the side of your seat. You will be asked 
to use the mobile app we designed, a traditional TV remote control, a Touchpad and a 
physical TV keyboard to type the given sentence onto the TV screen. You have to correct 
any typing errors before starting to use next input method. We will measure the time you 
spend on typing with each input method. After using each method, you will need fill a 
RAW TLX Form and a System Usability Scale Form. 
Session 2: A sentence which includes letters, numbers and symbols will be shown on TV, 
but there are several typing errors in the sentence. The correct sentence will be shown on 
a small screen on the side of your seat. You will be asked to use the mobile app we 
designed, a traditional TV remote control, a Touchpad and a physical TV keyboard to 
correct the sentence on TV screen. You are not allowed to clear the whole sentence but 
has to correct certain letters/numbers/symbols in the sentence. The time you spend on 
correcting the sentence with each input method will be measured. After using each 
method, you will need fill a RAW TLX Form and a System Usability Scale Form. 
After you finish each session, you will be asked to complete a Session Overall Review 




The risks involved are no greater than those involved in daily activities like watching TV 
or using smart phone. To minimize the risks, there will be a 10-minute break between 
trials. The questionnaire in this study is voluntary and you may skip any questions that 
you are uncomfortable answering. 
Benefits 
You may not directly benefit from being in this study. However, your feedback will help 
to improve people’s experience for using smart TV, especially when people want to input 
online account credentials, input key words to search for favorite TV shows, write 
comments in forums or app stores, or enter text on smart TV in many other scenarios.  
Compensation 
You will be given a 10 dollar gift card for participating in this study. The compensation 
will be provided after completing all of the study procedures. 
Confidentiality 
We will keep information about you strictly confidential to the extent required by law. 
Only people associated with this research project will have access to your study records. 
However, we may be required to release your record if we receive a subpoena or a court 
order. In addition, to make sure that this research is being carried out in the proper way, 
the Georgia Institute of Technology IRB and The Office of Human Research Protections 
may review study records. 
To protest your privacy, no video or audio records will be taken during the study. Your 
written records will be kept in locked in a file cabinet in a private office. Electronic 
records will be kept in a pass-coded file on a computer in a private office. Only study 
staff will have access to the records. We will use a code rather than your name to identify 
study records. The code will be kept in a separate locked file from the data. Your name 
and other facts that might point to you will not appear when we present this study or 
publish its results. Any surveys that might have inadvertently included names or other 
identifying information will be immediately destroyed. Once the survey data has been 
input into an electronic database, the original survey forms will be destroyed along with 
any information linking the electronic data with the original survey. 
Costs to You 
There will be no costs for participating in this study. 
In Case of Injury I Harm 
If you are injured as a result of being in this study, please contact the Principal 
Investigator, Dr. Young-Mi Choi, at telephone (404) 277-2748. Neither the Principal 
Investigator nor Georgia Institute of Technology has made provision for payment of costs 
associated with any injury resulting from participation in this study. 
Participant Rights 
 Your participation in this study is voluntary. You do not have to be in this study if 
you don't want to be. 
 You have the right to change your mind and leave the study at any time without 
giving any reason, and without penalty.  
 If you decide not to finish the study, you have the right to withdraw any data 
collected about you. Your paperwork will be shredded. 
 Any new information that may make you change your mind about being in this 
study will be given to you. 
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 You will be given a copy of this consent form to keep. 
 You do not waive any of your legal rights by signing this consent form. 
Questions about the Study 
If you have any questions about the study, you may contact Dr. Young-Mi Choi, at 
telephone (404) 277-2748 or christina.choi@gatech.edu. 
Questions about Your Rights as a Research Participant 
If you have any questions about your rights as a research subject, you may contact: Ms. 
Melanie Clark, Georgia Institute of Technology, Office of Research Compliance at (404) 
894-6942 or Ms. Kelly Winn, Georgia Institute of Technology Office of Research 





If you sign below, it means that you have read (or have had read to you) the information 
given in this consent form, and you would like to be a volunteer in this study. 
______________________________________________ 
Participant Name (printed) 
  
______________________________________________ ______________ 
Participant Signature     Date  
  
______________________________________________ ______________ 

















          Hello, my name is Jingtian Li and I’m a graduate student from Georgia Institute of 
Technology. We are looking for participants to be in a research study. The purpose of this 
research is to evaluate the effects of using smart phone touch gestures and virtual 
keyboard on the text entry and editing for smart TV. In this study, you will be asked to 
enter and edit text on a smart TV using four different methods. Before and after the test, 
you will be asked to fill a pre-test survey and a post-test questionnaire. We are reaching 
out to you because you are over 18 years old, have more than 1 year using smart phone 
experience and more than 1 year watching TV experience, which meet the inclusion 
criteria of the study.  
         The experiment will be organized in 2 sessions. The procedures are expected to take 
approximately 50 minutes but will last no longer than 90 minutes. Your participation will 
be appreciated and a $10 gift card will be provided as compensation. The information 
obtained from this study will be used to propose an approach that provides a more 
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